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INTRODUCTION: 60% 
MOBILE TRAFFIC BETWEEN 2011-2016 2 


Data traffic grew 
6096 between Q1 
2015 and Q1 2016 


1 ExaBytes: 
1 billion Gbytes 1 | | 
хы so d s o o eo 


on Q2 Q3 Q4 a Q2 Q3 Q4 а 92 оз Q4 к Q2 Q3 Q4 E Q2 Q3 Q4 





nthly traffic (ExaBytes) 


Total (uplink + d link) mo 
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INTRODUCTION 


SO, THERE IS A HIGH DEMAND FOR HIGHER DATA RATES, MORE 
EFFICIENT SPECTRUM EFFICIENCY. 


- LACK OF SPECTRUM IN FREQUENCY BANDS BELOW 6 GHZ 
- DUE TO INCREASING NUMBER OF USERS, STANDARDS, ETC. 


- CONVENTIONAL SCHEMES OF SPECTRUM SHARING 


Frequency Division Time Division 
Duplexing Duplexing 


: ' | 


Тіте 
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FULL-DUPLEX 


Full-duplexing 


- Theoretically it can double the spectral efficiency 
- ls it feasible in practice? 
- The main challenge facing the practibilty of an Full-duplex 


communication 
- Self-interference 





22.12.2018 AALBORG UNIVERSITY 


SELF-INTERFERENCE (SI) 


e SELF-INTERFERENCE (SI) IS 
ROUGHLY 100 DB (101%) STRO 
THEN THE SIGNAL OF INTERE 

e MULTI-STAGE SI CANCELLAT I 
NECCESSARY 

P~, = 23 dBm 
Po, = -8 dBm 
Poo) = -92 dBm 


Sianal of interest 
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CANCELLATION 





NGER 
ory dí \ / 
Si DAC HAS He 
ON IS LPF + > Self- 
pm i = nterference 
DAC 
ADC 
` Desired signal 
ADC 
Frequency 


STAGES OF SI CANCELLATION 





Digital Cancellation (DC) Analog Cancellation (AC) 


Transmit data 





Tx 
Radio 


Digital 


canceller Analog 
canceller 
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Desired signal 


DC is ` DCis limited by the ADC — by the ADC AC FT on the 
effective dynamic range = number of delay-taps and APC depends on the path loss and 
6 (ЕМОВ-3) dB amplite and phase tuning antenna cancellation techniques 
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SIC STAGES: ANTENNA AND PROPAGATION (AP) 


Tx 


Shared antenna systems 
Circulator 


Separate antenna topologies 
Antenna placement 
Based on Path loss 
Multiple Antenna Decoupling techniques 
Null-steer beamforming 
Symmetrical 
Asymmetircal 


22.12.2018 AALBORG UNIVERSITY 













|20215 a2u2u8122ur 3| 25 


(24v) uoniej[oo ue 
uo ne se dog $ euusquy 


Desired signal 





APC depends on the path loss and 
antenna cancellation techniques 


FOCUS OF THIS PAPER: ORTHOGONAL MODE EXCITAITON 


* GROUND PLANE IS THE MAIN RADIATOR IN SMALL 
TERMINALS SPECIFICALLY FOR FREQUENCIES BELOW 
3 GHZ 


¢ THEREFORE, IT PLAYS A ROLE ON THE MOTUAL 
COULING BETWEEN ANTENNAS 


e ORTHOGONAL EXCITATION OF THE GROUND PLANE 
MODE USING 


e SELF-RESONANT ANTENNAS 
BALANCED-UNBALANCED 
e CAPACITIVE COUPLING ELEMENTS 
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Theory of Characteristic Mode (TCM) 


° [CM WAS FIRST INTRODUCED 
BY GARBACZ , AND LATER 
GENERALIZED BY HARRINGTON 


* TCM INTRODUCES 
EIGEN CURRENT Jy, 


LINEAR SUPERPOSITION J= J 
OF THE BASES “ — 2 , пет 
- 


CURRENTS LEADS TO 
THE UNKNOWN TOTAL 
CURRENT, J 


R. J. Garbacz and R. H. Turpin, “A generalized expansion for radiated 
and scattered fields,’ IEEE Transactions on Antennas and Propagation, 
vol. 19, no. 3, pp. 348-358, 1971. 
К. F. Harrington and J. R. Mautz, “Theory of characteristic modes for 
conducting bodies,’ IEEE Transactions on Antennas and Propagation, 
vol. 19, no. 5, pp. 622-628, 1971. 
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Theory of Characteristic Mode (TCM) 


e The modal-excitation coefficient 
determines a percentage 
contribution of each eigen current 
to the total current density. 


e |t is determined by the feeding 
methods and excitation field E;. 


e Eigen Values An 


_ (in, E') 
1+ 9An 


An 
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The sign of the A, indicate 
the type of stored energy for 
each mode. 


° A, > 0, inductive 
e A, < 0, capacitive 
e A, = 0, at resonance 


Normalized amplitude of the 
Current modes is called 
Modal of Significance: 


I, 
[| + ЈА, 
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TCM: Ground plane characteristic modes 


* Ground plane size: 120 x 40 mm? 


‘int ми 


MS [dB] 





-20 -15 -10 -30 -20 -10 -20 -10 
Alm [dBmax] Alm [dBmax] Alm [dBmax] 
Frequency [GHz] 


Modal of significance values for the four 


Normalized eigen current distribution of 
dominant modes vs. frequency 


the ground plane at 2.4 GHz 
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TCM: Excitaiton of the modes 


* Excitaiton of the third mode 
via capacitive coupling 
element (CCE) 

e Placement of two CCE 
on the center of the 
long edges 

e Excitation of the second 
mode via self-resonant 
antennas 

e Placement of a dipole 
on the short edge of 
the chassis 





-20 -15 -10 -30 -20 -10 
Alm [dBmax] Alm [dBmax] 
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TCM: Modal excitation coefficient, CCE 


| | [dB] 





2.3 2.4 


Frequency [GHz] 





-40 -20 0 
Alm [dBmax] 
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ТСМ: Modal excitation coefficient, dipole 


Modal of excitation coefficient when 
balanced dipole is excited 


| [dB] 


Mn 





Frequency [GHz] 
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Radiation pattern 


When Bdipole is excited 





When CCE is excited 


Performance evaluation of the system 





The performance of the 

antennas is simulated in four 

Scenarios 

- free space 

- talk mode, referred to Head 
and Hand (HH) 

- data mode, referred to One 
Hand (OH) 


- landscape mode, referred to 
Two Hands 
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User impact investigation 





£e 


Two hands 
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Free Space Head & Hand 








2 9) 33 es 2.35 24 2.45 2.5 
Frequency [GHZ] 
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Efficiency investigation 


• Table. 1 presents the simulated 
e total efficiency n,,;, 
e radiation efficiency n,.,,, - 
e embedded miss-match efficiency Nemi = | — a | D d ы 


• body loss efficiency n,, 


Free Space Head & Hand One Hand Two hends 
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P1, P2 dipole, P3 CCE 
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Remarks 


- The user has more impact on the balanced antennas frequency 
shift compared to the port 3. 


- In free space, the system has a very high isolation value of 75 
dB between the TX and RX antennas over the operating 
bandwidth. 


- However, the user has a high influence on the isolation 
between the antennas. the isolation varies between 60 dB to 
30 


- Moreover, the use has big contribution on the losses specially 
for balanced dipole 


- Potentional application of the system (MISO/SIMO system), 
cognitive full-duplex 
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